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(54) HIGH STRENGTH HOT ROLLED STEEL PLATE 
EXCELLENT IN WORKABILITY, AND ITS 
MANUFACTURE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a high strength 
hot rolled steel plate excellent in workability, and its 
manufacturing method. 

SOLUTION: The high strength hot rolled steel plate has a 
structure which contains ferrite as a principal phase 
and also contains residual (y) in an amount of 3 5 vol.% on 
the average and in which the difference between the 
maximum and the minimum value of austenite content in 
the positions in plate-thickness direction in the region 
between a position at a depth of 0.1 mm from the surface 
of the steel plate and a position at a depth of 0.1 mm 
from the rear surface of the steel plate, that is AVy is 
regulated to 23 vol.%. It is preferable that hot finish 
rolling is performed at 780-980°C rolling finishing 
temperature while applying lubrication in such a way 
that rolling load becomes 280% of the rolling load at 
nontubricating rolling and that the resultant steel 
plate is subjected to cooling at 3 50°C/s cooling rate down 
to 620-780°C, to isothermal holding treatment for 1 to 
10 sec or to slow cooling treatment at 220°C/s cooling 
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rate, to forced cooling at 3 50°C/s cooling rate down to 
300-500° C, and then to coiling. 
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(57) [Sift] 

4* <? 0.1 mm OfflO&^frfa&fiBKfclt&JSS*--*^ 

»O80%J£HTi:Sr* A -5 KilitSrff v»oo, ES»71 
JK£780 -980 tttl.Mft±Ei^ffi'\ -^Of*50 
TC/ s JBL±O*aia«-e620 - 780 C*"C1WJIU 1~ 
lOsec P^<7)I^S^50 : aS^I±^i()iSJS2O , C/siyLTcO 

is?fr*yi*ifcu ov^-c, 50"c/ s j-j.jico^iPissr-30 

0 - 500 t;ir*?iSlJitiPLT, a* /H=#Stt*OjJ*fif 
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0.9 1.0 



1 

[#i*»#0*SH] 

^o§8*g^®;^<b 0.1mm tii««ffi^<b0.1mm <?>ffl 

Vmax tg/J^*SVmin (Vmax -Vmi 
n ) m.O flt»%jaT'T* *) , J5*o«fg 2nroffiiyo£# 

[W*K2] Wie»Mii«* ? > mass%T% C:0.05- 
0.40%, Si :0.1 -3.0 %, Mn:0.6 -3.0 

[fft*#3] flfrteafiS;i;i!lDx.T$e>tc, mass%T% 
P : 0.01-0.2 %, Al : 0.01-0.3 %0? *,^f>S«b(f 

titz i at «:« 2 - 1 

[»M4] «r»ia**-*n^.T$<9U, mass%T% T 
i : 0.005 -0.25%, Nb: 0.003 - 0.1 %0 9*>^"bJl 
e> Itttfc 1 tt* fell 2 - t S: 

«F»ti-***S2 i3t{*3UfE«OJOXttH«tt7t* 

[Mf*A5] «HEift*Wnix.r5?»tc, mass%-C% C 

a : o.oi%WT***-r*affi«:*-r* i t i&ott-r 

[W*S6] C : 0.05-0. 40mass%, Si : 1.0 -3.0 
mass%, Mn:0.6 -3.0 mass%£-§-t>;lUj5iOiB* 5 ~f 
1000-1300^^*01* L> ffiJ£®Lfef£, ffiSWf*** 

Loo, JEJ&&Ti&JKrt*780 -980 t^iSffl t 
JESSrffvs »tt±Ea»7«50lC/ s W±0**paft 
T-620 - 780 Ci T-^-iPLfef^, 1 -10sec H«)$fiffi 

it^a* feii^*ni$K2ot;/ s JiT^Mfeitife u 

on-C, 5013/ s J^±<O<^iPiiST*300 - 500 
[0 0 0 1] 

r Jwxteu«ftfc*a«j&ffi»l«KW 

[0 0 0 2] 
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[0 0 0 3] COJ^fcRStcitU -tLiT-lc, jftg 

Dual-PhaseiS (ttTDPltv»i) DPUti, 

70 E 1 tl-tfv^-tf V>20000 MPa • %®.mX'$> <0 , SiSO&v* 
>XO^*(i (25000MPa • %W±) £ 

[0 0 0 4] ife, 6 -41617 #5rT5 

-65566 ilTflF&sp 5 -67682 -f-&*fcUfi, 7 

•KOgiMSilStl, ^.Transformation Induced Pla 

sticity fl (JJTTRIPitv^) T*£> »K flOXttiS 

<£ * * M3: $ tz tb \z , ft*spT 5 % ja±o» 

[0005] m 3 t r 1 pm<r>Kmtfi*&mi$wmm 

&®.m (CCTH) iiH-to TRIPIitt, JfeMES 
mzv*.*74 hit (02*«DPF**) 
Zt X l)#:«^-e60-90%<0lai*f7i7^ h (#U =r** 
^7x5^ httvo) fctftHS*, PH»K*JE»*- 

-f r-«>£S&«**#L*:&, hit (12tOBf 

J*) K*§> C Ol*Kt»f<ft4 C i: i: J: o T'S'f t 

[0 0 0 6] 

«B#, flHKd l± ft tf - ft if M L^tmmx. btiZZtlZ 
44. K^i^fttf-ffitf^L^^Lv^ftO 

[0 0 0 7] -7 4f Lv>M<0 7'UXtfi:fcv> 

Til, #<Zr^6-41617 #^¥5-65566 ^ 

^¥5 -67682 \~-lZ$L ? fltz T R I P#i 

«t?»±, |ft»f#g**/h5i/»lf- Kl-i^ffllf-ffitfML 

50 ^LfeT'wx^ff^T-^^v^tv^p.gs^o 



-2- 



3 

[0 0 0 8] *»ip§l±, ±MLtzfe*&ffi<r>Tnm*mik 

it n& i »srf % z. t * g m t -r % 0 

[0 0 0 9] 

[«jl£f$?*1-&£i6<7>3M£] ^SPE^Ii, ±fSL£ 

»3*l*£fc*fiv>*fLfco *LT, <Dl*lfl!EI£B#K* 
A $ *t* I«f*[6lT-«l^ Oj|v> t= J: mWMW 

* t iHEOIlUf«ptt«)|R|±UitLTS*r*Ri:'af4, t 
[0 0 10] EI 3 U^$ttS*0*f7i9^ h (P F) <t> 

KO*ftaj*K* f ** *-*-ri-4 h*i— <7>C 

[ooi i] loiVi:!:*^ *%W%biz. m» 
Lfctt*, SIEfci3r&EE®£ifc-f ^<S:K<fc ») , SIS*- 

[0012] *i\ ffi.mumvft'g*- *7- ■}■■<( ha^- 
es:ffv»»sai«*«»Lfco &wje®nm*>#* * > k 

■t-ffiS^S^tt-rffl-r^ t fc *> »-> »<b*Lrt:J»t®«l«»::o 

0.1 mmOfitt, «H<7)1/8 <DiZm. <7Mig, 
4£J¥<7)3/8 Offifi, «J?<04/8 Oftg, «J? (7)5/8 
fi, «l£06/8 O&fi, «(P<07/8 Ofifij3j:U f «*ffi 
^£>0.1mm coffigOffgm^fT-ffo^o #ib*t^wiT.^ 

V max tS/J^#ftVmin ^U*, -?"K<b 



(3) ftffl 2001-32041 

4 

©gAV r (=Vmax -Vmin ) ZnM-L fz a 
[0 0 13] gllC, A Vy tlESWfiJfctOS^Sr^ 

Srv^o 4*J, Bi:fLfcESflJtl±7 

£0.8 WTtftit-r*, -*-&*>*>flE®W*Jfc* t 0.8 WT 
£&4 J: AVy75 ? 3.0 %JilTit-fg: 

[0 0 14] *«WJ4» ±ELfc»Jlu**, $<btct£ 

1£*M;$><b0.1mm t§HSSffi7^0.1mm Offico^/l^lfi] 

max t^/J^^friVmin cO^EAVy (Vmax — Vmin ) 
**3.0 M%KTf*^ ^o«ff2nmfflao^:#0 i "^ 

[0015] ttz. ii^wtii, HtriesMisi« 

* 5 \ mass%T% C : 0.05-0.40%, Si : 0.1 -3.0 %, 
MnIO.6 -3.0 %^#<^, n&Fe&£WFHI&ff}7fitit®) 

itz, ffl%&»Mmifc.tf* mass%T% C : 0.05 - 0.40%, 
Si !0.1 -3.0 %, Mn:0.6 -3.0 ?fb(C, 
P : 0.01-0.2 %, Al : 0.01-0.3 %<0-) *>55»t>S<blf 

tiCtWK, Ifc, «T8Elfe®fll«* $ , mass% 
X\ C : 0.05-0.40%, Si :0.1 -3.0 %, Mn:0.6 - 
3.0 %£^, Ti : 0.005 -0.25%, Nb : 0.00 

3 -0.1 %<r>i%irbMhl*ixtz\mttz&2fa*^ 

^, fitriESy§§fi«7$ s , mass%T-, C : 0.05 -0.40%, s 
i : 0.1 -3.0 %, Mn: 0.6 -3.0 %$r-g"*, $f>H, 

p :o.oi-o.2 %, ai : 0.01-0.3 %<r>*)-hfrb'Mh\f 

iXtz litfcli2S, Ti : 0.005 -0.25%, Nb ! 0.003 
-0.1 %«0d*>^ic>S<b<ftt^:lfti^J±2aS:-t-*-f 

m 1 (TXfcfSIBr l±, ±IB^-a.«t-*Dx.T, $e>H, mass 
%T% Ca : 0.01%tlT£#*-t£;SjS<;i: Lti i^o 

[0 0 16] l^2 03)s:|§^i±, C : 0.05- 0. 40mass%, 
Si : 1.0 -3.0 mass%, Mn : 0.6 -3.0 mass% 
J&vmxy-r*. lOOO-ISOCC^tJD^L, fflEltfc 
f£, E®iSf»* J *PrtJ5MB#E5£igfS<7)80% WT t^l» 
i^^ilrt^ifeLoo, E®i&Tia*;&*780 - 980 "CO 

W.±<7)<^*Pj$Sr-620 - 780 'Ci-C^iPUTt^, 1-10 
50 sec K<7)^jatS#toai^(i^S|]iSS20 , C/s WT<oft 



-3- 



(4) 



#§3 2001-32041 



^$&3S£*feu sot;/ s jy.Ji<oj^*PjSJST3oo 
-500 , Cir-^©ji^i|iLr, rj^;nc%#JR-i>.ifc £# 

& e ^2o*n?gr-(±, ^iEaffi^tinx.T, £<b 
hp : 0.01-0.2 %, ai : 0.01-0.3 *>^<bii^ 

IfftTt: l«££(±2tt, Ti : 0.005 -0.25%, Nb : 0.00 

3 -0.1 %wn*'f)If>ifilifcitifcii2i, Ca: 
0. 01mass% WT £ . b v^(±a^ L Lit J: 

[0 0 17] 

b a £ 1 ^«§^&ffi§S«<i, 7x5^ 

li, [13i::^£*i£J:M-&fyjJ±mo<$fincJ:^WiiJ 
nts^i?^ Ft% #ff^T-50%i;i-t^r$ti&<D 

[0 0 18] ^f^O&SillSli. m?*-*^^ h 

£¥i$T-5#ft%m±-t-;rr£o ^is*-*^^ h* 

ffit-5#f%*iti±, 24000 MPa • %&±t^7 
M«S-#^n*7>^TSXE 1 t;6 ? T-# 
&v^ 0 fflt-Xft-f h»*¥i4jT*20#:m%® 

i: -f -6 <6 U ti , -&#x5Sa £ KiStJD-f b -SL-^b 

20#:»%iy.Tt-r^<D/»^f i U>„ 
[0 0 19] *l&^-r-i±, ^gt-Xft-f h»Ojllj5e 

h * £ iffl^-T £ fifit l± , l~mWSm frh 0. 1 mm 

tiB*g*®^£> 0.1mm <0HOSi^<0^ff^|6j#eil-e* 
•5, fiP£L<t±, «HE^|6jtC, fl$l^(,0.l mmoe 
«ff01/8 <0&fi, «)¥<5 r )2/8 Offia> «<¥<7)3/8 * 
Ez (%) =Ei [ |Li X(50)'/ 2 
ZZX\ Ei =JIS Z 2241 Ui£*6Lfcgi»K*t-e#A 
f ) ^:^#O f (%) 
L, =3l»KKM-oy-v*ft$ (mm) 
Ai =3l5BfWUtO¥fif»<r>»f«» (mm 2 ) 
oil;, 5£S*-*-f hfiiiJ:y f ^#t>*E2 *±ie 

JilT, ffi«(CiJlt-2»mass%(±. JfUc%T-fE-r o 
[0 0 2 3] C : 0.05-0.40% 

c-&*ra* ? o.o5%*?ST-{±, .lie L7ts***«B» «b 

v^o 0.40%*j8x.4t»»tt<:fiT-t-4fc*, C 

(±0.05-0. 40%<OteH(-l®5t-r'&<O^fi 1 t LV> 0 
[0 0 2 4] Si : 1.0 -3.0 % 



6/8 (O&W., «(?W7/8 OfSMi5 J:t/^*®^(b0.1mm 

[0 0 2 0] SS*-Xtt'f h^fUct^fiVmax t 
S'h-a^iVmin ©SA V y ( = Vmax -Vmin ) t5 ? 3. 
0 flt»%JaT 

*»WCJi, »l«*iB*»'b0.1«n fc & 0.1mm 

70 Vmax t Vmin W^AV r £3.0 #»%JSLTUIS^-t 
b a A Vy **3.0 IS#ffilf*tIRmi 
n t«HtOJt, Rmin/t 2 JBLt k & 1) , ttumtetf 

3.0 #»%HTi:|gLfco 

[0 0 2 1] *»W"CJ4, Mfommfrb 0.1mm k^«« 
®^"b0.1mm OM<0«JP^|pJ^eg-e^@*-Xf-^-f 

«±-a-#*Vmax fcft'HMr*Vmin AV y 
( = Vmax -Vmin ) *nfc-fbo AV 7 ^liiit^t 

LT«±, «)P^inJ{-> iI««H^f>0.1 mmcoeffi, ffiM 
<£>1/8 Ofil, tg)¥<7)2/8 Ofift, MM <03/8 C0fiLft> 
«H<04/8 (Off, «H05/8 Ofiffl, «H<06/8 coffi 
mW<T>7/8 (OfiaitSi^Kffi^'bO.Imm cofe*. 

[0 0 2 2] «V 2 mmiSa E 2 : 34% Jil± 

fifef^lt * 4 * K (±«J? 2 ranffi^ tf E 2 ^ 
30 34%VA±iG-tbZt.ib t £^X-$>'0. 2 mmffi^<0^: 
#^'£2 £34%W±CK5eL£ 0 «Jf 2mmffiSO^#0 f 
E2 l±, TIE (1) 5£-C56£$*t, JIS Z 2241 tci£«i 
LTt^lSS^T-^to^ttfc^J/Ei ?r> «J?2mm<7)JI 

I / I50X (Ai )"*|] °- 4 - (1) 

(9, -eofctot-ii^fc < t fei.o %^ttio^ s li L 
v^o 3.0 %4@x.5^ttt, ffittOfiT*fil<rt£ 

^<7)^to, Si(±1.0 -3.0 %0^fflki-^<OW 

[0 0 2 5] Mn : 0.6 -3.0 % 

bo t^L, Hn^-*fi^0.6 %**t?J±±|BU?tS»** t 
B»<b*t&v». 3.0 %£j@x£i:5§1£<'>fg:T£}B 

<o ^O^to, Mn(±0.6 -3.0 %<7>1&mt-fb<F>tftti-i 

50 [0 0 2 6] *^tCfcV>TI±, i&KKI&CTSibf::, 
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p : 0.01-0.2 %, ai : o.oi-o.3%oo -^frhMtfix 

fz 1 flf/iti 2«, Ti : 0.005 - 0.25%, Nb : 0.003 - 
0.1%^-j *>j»»f>glfitfc 1 ttifcl±2tt, &£Z/Ca : 
0.01%*, *a*5v>li^Lt#*f^„ JttTKw 

[0 0 2 7] P : 0.01-0.2 %, AI : 0.01-0.3 %<T>n 
P, Alltv>-fii't. aa*-*^-*-^ h££)£:1-£7c3? 

tLx^mx-h^o, MuisciULmri*. p 

li, 0.01%*pO-g-*T-ii, ±|EL^^tc2L<, - 
0.2 %*«*.T**-f* fc, »-^JDXI6tt**^b 
-f&o -Of.:i6Pli0.01-0.2 %O^H t-f-& 0**11 i 

[0 0 2 8] Al(±, Ptl^#, o.oi%*«o#*r-(±-?- 
L<< 0.3 ® 

14<7)^'fb**S<o Z.<T>tztb, AltiO.01-0.3 mass%0& 

Nb: 0.003 -0.1 %, Ti : 0.005 -0.25%<O-9 

Mltz 1 «t£li2ttNb, Tili^-fftfc, 3£MX'$>2>7 

[0 0 2 9] Nb, Ti(i, -f-;M-?-':h.0.003 %, 0.005 %* 
?t<7>^-*T*(±, -e-OS»***JH^-e**v», Nb, Ti 

<±, -ek-rtto. i %, o.25%*^x.T-t-*-r^ t, m& 

Ol£T$:ffi<o Z<7)tzib, NbiiO.003 - 0.1 %, TiliO. 
005 - 0.25%<7)|gH ti-^O^i Lv> 0 
Ca : 0.01%mT 

Cal±, #U r 7 9>?'tt*AJi$-*«7HR-C*lK <£>f|{C 
L^L, l*»ftte«rfiT$ 
•S-*-r*^t;ii0.01%J£)lTUIS5ei--SO*t 

[0 0 3 0] ±ELfc*»W^O»«J4, HKW^Fet* 
^DTig6^*€%t LTIi, S : 0. 01%jy. 
T, N:0.01%WT, O : 0.01%J^T75 ? fi=§T-§^ o o 

±IS L£&)£^ 9 r&, mmLtze>*>mfe<7> 

*fr"Cl!fclllffil£U »i®fS«ti-*o 

[0031] * 9 rtni&isjg : looo-isocc 

x 5 7*<o*niftias*nooo , c*8i'e«±, iB«<oSEB B n n «<7> 
Xitfim l < , i3oot;*sx^t, ^s^ffi* 

■ft LT, WK<7)i4)S14i3 J: oqtttto*ft*JB < • zntz 
tb, X7r<nl)mi&m.MO0O-~ , \300X;(Dmmtir2,(r)tf 

[0 0 3 2] ov>-C, ^5ri4ffi!£M*Jfe$tl., v- h 
< , fc < URjef v». fiKJifJU v- h/i- 
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WEIflCitLT, JE5S#** ? 80%J^Ti:=fc^> «t n tz 

isi7.9v y<Dj±mmwLit («»i»$ffieffif */{(*«iriw#BE 

O2F*Sjtt**80%J^Tt^4«t:T{r-rttif J:^> 0 
[0 0 3 3] tt±tfffiffiUiii**flEi§»7ift* : 780 - 
980 *C 

io tt±sjffi<oiisi?-TiajS7&*780 t:*jsiT*i±, m%L<ptzm 
T.®&*m.ft-rz>tz*>fe&<7>%itzm < <= 

Ti&«rt s 980 TCtfliit, MftDiUlfcMttcftU 7i 

£«6, ft±ifffi®U±i»t4ffe»7ift*tt780 -980 t 
Olltti^i Lv>„ 
[0 0 3 4] ft ±.»f ffij£»T*o*» : sot:/ s w±o 

i^iP^ft-r-620 -780 tit- 

tt-t»fflES£#T8L W7x7>f h*£«oy-Xfi^ (62 

0 -780 ID) *o »*O^iSflC3i*50X;/ s 

»6, .ft^O*SiaK*50T:/8JHL±i:i-&«>* t ff*L 

v> 0 u&»u 3oo"c/s zmx.z> tmm.fmtf£it-t 
[0035] to*r7i7>f h^oy-Xia^i -eojf.it 

^jS20TC/ s UT^t^i 

620 -780 TCiTOfflJK^U^ft, ClOfiSit^l- 
lOsec B^ia«#-r^^ifc(i20'C/s J^TOMti 

ffif8# 1 sec *«-e(i. 7x7>f h 04«f^ J ^ 
^v^ 0 t^lOi^, ^*PjSS^20TC/sS:Sx.^t, 

io\ «^o^*p»itajs^6oo x:^t 

40 [0 0 3 6] ov^\ BOX:/ s JiUiOi%iPilJKT*300 - 
500 t^SSilit^St^o CO^StcJ: t). 
««Lfe5f-^-r^>f hffl**300 -500 T:<0^^ h 

jsa-r^o *=ai*ft**5o , c/s*iH"C(i. /^-^^ h^sg 

[0 0 3 7] 

50 ft. ffiE^L> ov^r-JE®^Ti&JK^860 IC^ft^J:^ 
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Utt±EJ£«:frojfcfc, 60^/ s <D#*Pi$j£-e700 "Ci 

mm.tLt.io mJBwikis&mtLxfrb. 100 r 

/ h <r>^&^mr-m.iS.i X'ftiQLtz 0 

[0 0 3 8] tt-ttfJE3§l±, «2(;^-t-<t-9(Cffl 

rt&L (*H»W) fc-Cffofco fliWEiS. & 

tz 0 HEffiW»tJW.8J: 9*3^»-£*fl?ta: 

L, 0.8 &Tt%2>m&Zmtt$> l 0 tmmttZo '&htl 

T, tHi:, «W*lflI*ffi«o«9 

Vmin £3fc£>, AVy ( = Vmax -Vmin ) iM-tHL 
tz 0 iK5te«l±, «l¥*[o]t-. *g*M^0.1mm 

«J?<01/8 «Jpc02/8 ©fifi, «(¥<7)3/8 

<7>f3:^ 15)^(7)4/8 <Of£a, l£l?<7>5/8 Ofig, «J?CD 
6/8 <0feg, *£H<D7/8 OfiS^iCKIS*®^^ 0.1mm » 



[0039] nhixtzfmmwifrb, 3i3*uwt 

JtLfco 3l5fi«ttli, JIS Z 22411 Kif«U »tfc»S 
(YS) , (TS) fcitf^W (Ei ) 

* to #<b*tfc£#oMtEi *f>iME (1) 

[0 0 4 0] flUTSUfctt, (tT- K^-gRfcggftL*:) 

*U fflnr^?l^fttt^lS^ftlf*aRmin 

Rmin t mmt <T>it, Rmin/ t * ffilf- ffltf M L 

20mm X 1 00 mmOKtf- (CttS300sct O 7° V X i& i M"ffi M tz 
*) 2g/m 2 (0^*ST-MSt;^*LT, ffx.W£300kg , 
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